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Silicon nitride and  RF
MEMS power devices
A few years ago a search for the term ‘silicon
nitride’ would have generated academic
papers, but precious little from a web news
search. Now, such a search yields around
nine news items. These encompass  SiC; Ga-
facing GaN; GaN-on-diamond; AlN and 
GaN-on-Si. Search for SiO2 yields three sto-
ries on gate spacer engineering; as a rein-
forcing agent and for Cu-SiO2 interconnect.
But the material may yet make prime news,
if a paper “Fabrication of high power RF
MEMS switches*” is any straw in the wind. 
This successful completion of a 16-month EPSRC-
aided project had in its consortium the
redoubtable Rutherford Appleton Laboratory,
Heriot-Watt University’s department of electrical,
electronic and computer engineering and
Chelmsford-based BAE Systems.The trio worked 
on the design and fabrication of high power (up 
to 10W RF-power at 8-12GHz frequencies) 
RF MEMS switches. It showed ‘exciting promise’
in low insertion loss, high isolation and very small
power consumption.
The paper notes that “it is a combination of inno-
vative design and optimised fabrication processes,
in particular, the improved surface planarisation
process and residual stress control in cantilever
and bridge beams” that have contributed to the
success to date.
Dr Jia-Sheng ‘Jason’ Hong, who headed the design
and some testing of the switches, notes that the
“silicon nitride is a structural material that most
engineers prefer for a MEMS switch. SiC, he points
out,“came later for microwave materials, as did 
diamond. But silicon nitride film used in this MEMS
device has the mechanical property of being
extremely thin and yet sufficiently strong to sup-
port other devices.Also, it offers minimal harmonic
distortion.”
Switch design
The configurations of high power RF switches are
designed to a matrix of cantilever or membrane-
bridge switching elements connected in serial or
parallel. (This is where BAE expertise came in, as it
has long experience of cantilever work). In paral-
lel, the switching elements can split high RF power
on an individual switching element, so each ele-
ment handles only a fraction of total RF power.The
serially connected switching elements ensure high
isolation and low actuation voltage.This design can
be extended to more switching elements to handle
even higher power, while still retaining high isola-
tion and low actuation voltage.
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*Fabrication of high power RF MEMS switches1
Microelectronic Engineering,April 2006. Ling Wang,
Zheng Cui, Jia-Sheng Hong, Eamon P McErlean, Robert B
Greed, Daniel C Voycec.
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RF MEMST E C H N I C A L F E A T U R E
There are basically two types of MEMS switches
in term of contact, namely ohmic contact and
capacitive coupling.An ohmic contacting switch
uses metal-to-metal direct contact to thin film
stress control was investigated,” says the paper’s
principal author and chief investigator, Dr Ling
Wang.
High resistivity (>10,000 Ω cm) silicon substrates
are used to make the switches.The RF signal
lines are 3-micron thick gold microstrip and the
SiN–Au–SiN sandwich structure is a cantilever
and membrane bridge, with an air-gap of not,
vert, similar 3-micron between the cantilever
contact and the RF signal lines.
Eight masks and over 100 process steps are
required for the complete switch fabrication.The
process starts with a thin SiO2 film deposited as
an insulating layer. Due to the height difference, a
sequential gold lift-off process formed the 
3-micron thick microstrip line and 2-micron
thick actuation electrode.
A Z9260 photoresist was used as planarisation
and sacrificial layer by double spin-coating and
curing.At that point a gold layer was deposited
and defined as the contact plate.A via hole was
opened to anchor the cantilever beam.The
SiN–Au–SiN sandwich structure was formed by
bottom SiN and Cr/Au/Cr deposition and pattern-
ing, and top SiN layer deposition and patterning.
Then the wafer was then diced into device chips
using silicon deep etching, and finally a gold
layer was deposited at the backside of the wafer
as the ground electrode, and the switches
released in oxygen plasma for removal of the sac-
rificial layers.
Residual stress is always present in thin films,
which come from the micro-fabrication process.
A high residual stress will cause the cantilever
and bridge to bend, curl and crack, and will badly
affect the switching performance and lifetime.
The sandwich structure of the cantilever is
selected to minimise the effect of process stress.
Switch batches
Based on the surface planarisation process and
experiments in residual stress reduction, two
batches of the switches were made.The first
batch had the same thickness of top and bottom
SiN layers for the cantilevers, which resulted in a
large upward bending of cantilevers.An initial
electric test showed that a higher actuation volt-
age was required to pull the cantilever down.
The second batch of switches was made with a
thickened top SiN.This gave a much flatter can-
tilever.These switches are currently under RF
testing, and the testing results are to be reported
in future, although “primary testing results on the
demonstration device proves the philosophy of a
high power switch, that can handle even higher
power,” says Dr Hong.
Wanted: an application  
“We have some quite major issues to tackle now,
of which fabrication is the most challenging.We
will need to look at more simulation work for
advanced design; better mechanical thermal
interconnection for better guide lines and also
for a specific application for our systems as we
need to prove system reliability. Fabric packaging
must also be considered, as its material will affect
the final design.”
“When we asked for an 18 month project, we
did not realise the difficulty of fabrication.
Realistically the next project will require three
years,” concludes Dr Hong, who projects that six
months will be needed to carefully define the
project for submission, leading to the next devel-
opment being underway by 2007.
Contact email: l.wang@rl.ac.uk
Figure 1. SEM images of RF switch. These are from the first
batch of switches showing the high up-bend cantilever, which
will cause a higher operation voltage/power.
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